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Abstract— A combined geophysical methods involving very low frequency-electromagnetic, electrical resistivity, magnetics 
prospecting method and geotechnical investigations were used in delineating the causes of cracks on the buildings of Faculty of 
Social Science and Humanities, Federal University Oye- Ekiti. Five (5) Very Low Frequency-Electromagnetic traverses, Twenty-one 
(21) Vertical Electrical Soundings and three (3) magnetic profiles were occupied and investigated around the distress building. Two (2) 
locations were also occupied for geotechnical investigations. Three major layers were delineated in the study area which includes the 
topsoil, weathered/fractured layer and fresh basement. The VES curve types obtained were A, H, K and Q curves. The buildings were 
found to be situated within the area of a fairly high concentration of fractures that can aid subsidence in the area and relatively low 
resistivity zones typical of incompetent clay formation. The geotechnical results also show that the soil has relatively high clay content. 
Based on the consistency limits. The soils within the area is classified as medium plasticity, hence, the soils are expected to exhibit 
medium swelling potential. It can however be concluded that the subsoils on or within which buildings are founded within the study 
area are not competent. From the result, the building failure observe as cracks and foundation subsidence may have been caused by 
the foundation soils that made up of incompetent materials (clay) which could compress on imposing loads by differential settlement. It 
is noteworthy that geological feature such as fractures/faults delineated within the bedrock is also inimical to the building foundation. 
Keywords— E lectrical resistivity, Fractures, Foundation, Geotechnical, Subsidence 
——————————      —————————— 
1 INTRODUCTION                                                                     
he incessant failures of engineering structures such as 
bridges, roads and building collapse in Nigeria has 
reached an alarming rate that both Federal and State 
Government are worried and have instructed their town 
planning department to come up with regulatory code for 
any building above a storey. The causes of this collapse can 
be attributed to many factors among which are 
poor/inadequate construction materials and incompetent 
foundation soils (Oyedele, et al. 2009). Incautiously, one par-
ticular major point that has always not been given serious 
attention in this part of the world is lack of inadequate in-
formation on the nature of subsurface conditions prior to 
construction exercise.  
 
Building foundation may experience failure due to presence 
of concealed geologic features such as sinkhole/cavity and 
shear zones which can actually lead to subsurface subsid-
ence. The satisfactory design and construction of any build-
ing foundation can be accomplished only when the character 
of the soil or rock on which it is to be built is ascertained. 
Therefore, it is often necessary prior to building construction 
to investigate the physical properties of subsoil/foundation 
soils and determine its suitability for design and construc-
tion of building structures. The geotechnical and geophysi-
cal methods are most suitable for this purpose as they pro-
vide information about the engineering properties of the 
foundation soils in relatively cost-effective and rapid man-
ner (Oyedele, et al. 2009).  This paper presents the results of 
the investigation carried out to determine the possible 
cause(s) of fracture in the distressed buildings of faculty of 
social sciences and humanities, Federal University Oye Ekiti. 
This was done by using an integrated geophysical method 
such as Electrical resistivity, magnetic method and VLF-EM 
were used to map subsurface sequence delineation and 
cause(s) of crack.  
 
 
*Corresponding Author  
Also depth to bedrock determination in the distressed build-
ing and geotechnical investigation in evaluating the compe-
tence of near surface formation as foundation materials were 
investigated.  
1.1 Description of the Environment of the 
Investigated Site  
The study area is the Faculty of Social Science and Humani-
ty, located within Federal University Oye, Oye-Ekiti. It lies 
within latitude 6057’N - 7000’N and longitude 3058’E – 
4000’E with the extent of 2 square kilometers. The Federal 
University Oye is underlain by rocks of the Precambrian 
Basement Complex of Southwestern Nigeria (Rahaman, 
1989). The underlain rock is gneiss migmatite. The study 
area is accessible through network of roads and footpaths. It 
is linked by many major and minor roads from places like 
Oye town Are town and Afao town. The topography is low 
lying. The site is located within the sub-equatorial climatic 
belt with tropical rain-forest vegetation. The mean annual 
temperature is 250C-280C, while the annual rainfall, varies 
between 1500mm and 3500mm (Adeleke and Goh Cheng 
Leong, 1978). 
2 METHODOLOGY 
Six traverses were established across the study area as 
shown in Fig. 1. A total of 21Vertical Electrical Sounding 
(VES) were carried out using the Schlumberger configura-
tion. The electrode spacing (AB/2) was varied from 1-
100m.The apparent resistivity values were plotted against 
electrode spacing (AB/2) on a bi-logarithmic graph sheet to 
generate depth sounding curves. The field curves were then 
inspected visually for identification of the curve type. Partial 
curve matching was carried out on the field curves. The in-
terpretation results (layer resistivity and thicknesses) were 
fed into computer for 1-D computer assisted interpretation 
involving Resist version1.0 software (Varder Velper, 1988). 
The final interpreted results were used for the preparation of 
geoelectric sections and maps.  
T 
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Five (5) traverses for VLF profiling, three (3) in the N-S di-
rection and two (2) E-W direction were surveyed in the 
study area with 5.0m interval spacing and length ranges 
from 5m to 105m. The real and imaginary data obtained 
were recorded from the field. The filter real and filtered im-
aginary values were calculated. The real component and 
filtered real component values were plotted against the sta-
tion numbers to give the VLF anomaly graph for each of the 
traverse interpretation of the VLF anomaly graph. Interpre-
tation of the VLF anomaly graph for the investigation of 
post foundation studies is based mostly on qualitative and 
inflection point of filter imaginary values and filter real val-
ues which are more diagnostic of linear features. High posi-
tive filtered real anomaly indicated areas with high electro-
magnetic anomaly. The points of interest marked as conduc-
tive zones were further investigated using the vertical elec-
trical sounding (VES) and magnetic method for detailed 
survey.  
 
The magnetic method was carried out to map the bedrock 
topography, delineate region of potential stress amplifica-
tion and to map structures such as fracture/faults and con-
tact zone. A total of 3 profiles were established of varying 
lengths between 170- 180metres with station separation is of 
10 m interval. Euler deconvolution software and Microsoft 
excel were employed for the processing. The magnetic data 
are presented in form of magnetic profiles and geomagnetic 
sections. The Profiles were subjected to both qualitative and 
quantitative interpretation.  
Two soil samples, disturbed and undisturbed samples were 
collected at different locations, one behind each of the build-
ings at a depth not exceeding 5m within the site as shown in 
Figure 1. These samples were preserved in polythene bags to 
prevent it from external influence and transported to the 
laboratory. The sample were labelled A and B for the loca-
tions respectively with the depth of collection noted for the 
samples. The natural moisture content of the samples col-
lected from the field was determined in the laboratory with-
in a period of 24 hours after collection. This was followed by 
air drying of the samples by spreading them out on trays in 
a fairly warm room. Methods of testing soils for engineering 
parameters were conducted in accordance with B S 1377 
(1990) for all the soil samples collected. The tests include 
Atterberg Limit test (Liquid limit and Plastic limit etc) see 
table 2, natural moisture content, grain size analysis (me-
chanical), consolidation test and triaxal test (table 3). 
 
3 RESULTS AND DISCUSSIONS  
3.1 Geoelectric Characteristics 
The resistivity sounding curves of 21 VES stations obtained 
from the surveyed area are 3-layers curve of H, A, K and Q. 
The curves were characterized according to their signatures, 
which mirror the layer of the subsurface with the H as the 
predominant curve type. The VES interpretation are sum-
marized in Table 1. 
 
Table 1: Curve Interpretation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
3.2 Geoelectric Parameters  
The VES interpretation results were used to prepare 2-D 
geoelectric sections displayed in Figures 3b,4b and 5b. The 
geoelectric sections delineate maximum of three 
geoelectric/geologic subsurface layers comprising the top 
 
 
  
 
Figure 1: Base map of Federal University Oye-Ekiti Phase One (1) 
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soil, weathered/fractured basement and fresh bedrock. The 
top soil is composed of clay/clayey sand/laterite with resis-
tivity values varying from 48Ωm -300Ωm and thickness of 
between 0.1-4.1m. The weathered layer ranges in composi-
tion from clay and sandy clay with resistivity values that 
vary between 19.7 Ωm - 310 Ωm. The fresh basement with 
resistivity value ranging from 430Ωm-1891 Ωm. This inter-
pretation was based on the resistivity values of each layer, 
thickness of each layer and their respective K-factor using 
qualitative and quantitative interpretation of VES curve ob-
tained from the study area.  
3.3 Geoelectric sections  
The 2-Dimensional view of the geoelectric parameters (resis-
tivity and depth) obtained from the inversion of the electri-
cal sounding data are presented as geoelectric sections. The-
se geoelectric sections taking along three traverses (Fig 3c, 4c 
and 5c) attempt to correlate the geoelectric sequence across 
the study area.  
3.4 Isoresistivity and Isopach Map of Topsoil  
Figure 6a and 6b show the isoresistivity and isopach map of 
the topsoil respectively. As revealed by the isoresistivity 
map, the topsoil is composed of clay, sandy clay/clayed 
sand with the exception of a portion at the north-eastern 
part of the area which is lateritic. The predominant resistivi-
ty value of this layer ranges from 20-250 ohm-meter. The 
Isopach map of the topsoil shows that the topsoil is general-
ly thin with the highest thickness up to 3m in the North -
eastern and south-western part of the area. The predominant 
thickness of the topsoil is generally less than 1.5m. In the 
vicinity of the distressed building the top soil resistivity var-
ies from 40-101 Ωm. Zones within the topsoil where the re-
sistivity values are less than 200 Ωm are considered ge-
otechnical incompetent to carry large engineering structures 
(Adesida and Omosuyi, 2005).  
3.5 Isopach map of overburden  
Depth to bedrock beneath all VES stations were plotted and 
contoured. The overburden thickness map figure 7 shows 
the depth to bedrock varies from 1.5-24m in the study area. 
The map shows areas with thin overburden and areas with 
thick overburden. The overburden thickness is very thick 
between 10-22m in the areas where building was founded. 
Areas with thick overburden are considered to be incompe-
tent, most especially when it is composed of geotechnical 
weak overburden materials.  
 
Magnetic Profiles Fig 3b shows traverse 1 of the magnetic 
profile. The residual magnetic intensity observed was as low 
as -900 nT at a distance between 15m and 25m from the 
south and no appreciable contrast along other part of the 
traverse. This is an indicative of probable fracture zone or 
significant anomaly. Along Traverse 2 (fig 4b), the residual 
magnetic intensity observed was non-uniform along the 
traverse which suspected in-homogeneity of subsurface ge-
ology. Along Traverse 3 (fig 5b), the residual magnetic in-
tensity observed was as low as -800 nT at a distance of 15 to 
25m from the south and appreciable contrast along other 
part of the traverse. This is an indicative of probable fracture 
zone. 
3.6 Geotechnical Results  
The soils can be classified as poorly graded soil. The tested 
soils have percentage finer ranges from 2-23%, 71-96% sand 
and 1-10% gravel.  
As shown in Table 2, the Liquid Limit of the soil samples 
ranges from 22-28%. The Plastic Limit ranges from 2-6%, 
and the Plasticity Index of soils ranges from 21-23%. The 
tested soil samples are of intermediate consistency limits 
indicating medium percentage of clay content in the soil. 
Generally, soils having high values of liquid and plastic lim-
its are considered poor as foundation materials. The plastic 
index of all the soil sample are higher than 20% maximum 
Federal Ministry of Works and Housing (FMWH) (1972), 
 
Plate 2: Internal and Back views of Buildings 
 
Fig3: Traverse one interpretation of VLF, euler deconvolution and 
geoelectric section from ves 1-7 
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hence it shows a poor engineering property since the higher 
the plastic index of a soil, the less the competency of the soil 
as a foundation material.  
 
 
The consolidation test (Table 3) shows that the load under-
goes a primary compression due to reduction in volume 
which is accompanied through the expulsion of water and 
air from the sample. Coefficient of compressibility Mv rang-
es from 0.055-0.151 shows that the soils in both locations are 
highly compressible by the building which is imposed on it. 
Coefficient of consolidation (Cv) ranges from 5-15 shows 
that the soil the building is underlain is an incompetent lay-
er which is susceptible to settlement.  
 
Table 5 shows the ultimate bearing values that ranges be-
tween 385-420 KN/m2 which indicates a cohesive soil cate-
gory and a clayey soil type. The allowable bearing capacity 
value which is the maximum bearing stress that can be ap-
plied to a foundation such that it is safe against instability 
due to shear failure. The allowable bearing values ranges 
from205-211 KN/m2. The allowable bearing capacity of the 
soil decrease with depth.  
4 CONCLUSION AND RECOMMENDATION 
4.1 Conclusions  
Integrated geophysical and geotechnical investigations were 
carried out within the Faculty of Humanities and Social Sci-
ences, Federal University Oye-Ekiti in order to determine 
the possible causes of fracture on the buildings in the areas.  
 
The Faculty of Humanities and Social Sciences occupy an 
area of 10000m2 in the phase 1 campus of the university.  
The geophysical survey methods involve The Very Low 
Frequency Electromagnetics method, magnetic method and 
electrical method (vertical electrical sounding). The build-
ings were found to be situated within the area of a fairly 
high concentration of fractures that can aid subsidence in the 
area and relatively low resistivity zones typical of incompe-
tent clay formation. The geotechnical results also show that 
the soil has relatively high clay content. Based on the con-
sistency limits, the soils within the area is classified as medi-
um plasticity, hence, the soils are expected to exhibit medi-
um swelling potential. It can however be concluded that the 
subsoils on or within which buildings are founded within 
the study area are not competent. From the result, the build-
ing failure observe as cracks and foundation subsidence may 
have been caused by the foundation soils that made up of 
incompetent materials (clay) which could compress on im-
posing loads by differential settlement. The geological fea-
tures such as fractures/faults delineated within the bedrock 
is also inimical to the building foundation.  
4.2 Recommendations  
The Very Low Frequency Electromagnetics method, magnet-
ic method and vertical electrical sounding (VES) appear to 
be valuable geophysical tools for engineering structures 
studies. It is; however, recommended that the seismic refrac-
tion method be carried out in the geotechnical incompetent 
zone in order to see the extent of the faulting in the area 
where it exists. In order to avert future geotechnical prob-
 
Fig4: Traverse two interpretation of VLF, euler deconvolution and 
geoelectric section from ves 8-14 
 
Fig5: Traverse three interpretation of VLF, euler deconvolution and 
geoelectric section from ves 
15-21 
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lems in the University, the services of the geophysicist 
should be engaged for pre foundation studies, which will act 
as a guide for the civil engineers before and during construc-
tion.  
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Table 2: Atterberg Limit Data Sheet: 
 
 
 
Table 3: Consolidation Test Result  
 
 
Table 4: Ultimate Bearing Values  
 
 
 
Fig 6a: Isorestivity map of the topsoil 
 
 
Fig 6b: Isopach Map Of Top Soil 
 
 
Fig 7: Isopach map of overburden thickness 
